Abstract
Introduction
Tackling climate change is perhaps the major environmental challenge we face today (Adger et al. 2009 ). Developing countries are particularly vulnerable to the impacts of the changing climate because of their high dependence on natural resources and limited capacity to cope with the impacts (Kelly and Adger 2000) . The nexus of climate change, agriculture and food security is one of the quintessential challenges of sustainable development (Storm, 2009) . Rapid growth in many of the world's populations and economies is increasing the demand for food, energy, fiber, water and land for housing but efforts to meet these and other essential human needs are transforming the global environment and driving dangerous changes in the world's climate (Nellemann, 2009) .
Climate change and poverty pose serious challenges to the present and future generations and these challenges must be addressed in order not to escalate already tensed situation in developing countries especially and the whole world at large (Brusasco-Mackenzie, 2002) . Changing rainfall patterns caused by consequences of climate change are devastating rain-fed agriculture on which so much of the population in poor countries depend on to survive (Fischer et al. 2002) .
Food and Agriculture Organisation (FAO, 2008) defined food security as a "situation when all people, at all times, have physical, social and economic access to sufficient, safe, and nutritious food that meets their dietary needs and food preferences for an active and healthy life." Food security is not narrowly defined as whether food is available, but whether the monetary and non-monetary resources at the disposal of the population are sufficient to allow everyone access to adequate quantities and qualities of food (Hofisi, 2013) . Scientific reports have revealed that all dimensions of food security are likely to be affected by climate change. Importantly, food security will depend not only on climate and socioeconomic impacts on food production, but also on economic growth, changes to trade flows, stocks, and food aid policy (Gregory et al. 2005) . Food security which is an outcome of food system processes all along the food chain is affected by climate change through its impacts on all components of global, national and local food systems (FAO, 2008) . Climate change also has serious negative impacts on the four dimensions of food security: food availability, food accessibility, food utilization and food system stability. Agriculture is important for having food security in two ways, it produces the food people eat and provides the primary source of livelihood for 36 percent of the world's total workforce (FAO, 2008) . Agriculture and food security are inseparable and are also interlinked to poverty.
It is against the above backdrop that this paper examines the impacts of climate change on food security, agricultural sustainability practices and poverty with a view to offering viable and workable solutions to tackle the threats. Towards this end, the paper considers adaptation and mitigation. Policy options and interventions to address and curb the growing threats are also considered.
Methodology
The methodology for this study was purely a qualitative research approach. Pursuant to this, the study relies extensively on the existing relevant literature and in the course of review, it was apparent that there was a knowledge gap in the area of climate threats to food security as a result of the impact of climate change. The key contributor to the threat is the emission of carbon dioxides as a result of human activities. To address this, the study looks at various existing strategic interventions put in place to reduce emissions and argues for immediate adoption.
Observations and Discussion

Insights from the existing literature
Today's world faces multiple challenges. The impact of global climate change has drastically increased the vulnerability of farmers, especially in most developing countries as they are unable to predict or forecast the weather accurately using their indigenous knowledge. Unfortunately this has been the practice for years (Salick and Byg 2007) . However, this does not mean that the developed countries are immune to the devastating and unpredictable weather events. On a daily basis, reports of droughts, outbreaks of fire, heavy rainfalls and many more natural disasters that occur in both developing and developed countries constantly received through the media (Turner and Clifton 2009) .
Undoubtedly, food insecurity remains endemic in most of the developing countries, particularly in Africa (Rosegrant and Cline 2003). According to Balogun et al. (2013) "The significance of this variability is clear when we consider that in sub-Saharan Africa, agricultural production accounts for up to 90 % of food needs. Socio-economic conditions and the adverse impact of unpredictable weather on the agricultural production of communities in sub-Sahara Africa have long been recognized as an important cause of malnutrition in the region." There is also a consistent increase in the cost of food prices making the hunger situation unbearable for most people especially in the developing countries due to the frequency of the manifestation of the bizarre weather events called climate change on agricultural activities. The weather events have destroyed vital ecosystems, infrastructure, property, and people's livelihoods and sometimes result in fatality. These negative results of weather events produce poverty (Balogun et al. 2013) .
Against the backdrop of these threats, there is need for viable and working solutions to address the threats of food insecurity which may lead to the problem of scarcity of food and throw a lot of people into hunger and abject poverty (Pfeiffer, 2006) . Therefore, this calls for development that will also incorporate the issue of food security in order to address poverty. This approach will promote sustained food security. In order to implement this, there should be a very strong institution that will be given the responsibility to carry out such task. India has made efforts in this regard to promote food security by enabling people to engage in economic activities that will create wealth and lead to technological progress. India has designed and established crop insurance scheme to absorb the impact of climate change should it manifest (Mills, 2007) . Crop insurance is therefore playing an important role in supporting Indian farmers through the losses incurred during drought years (de la Fuente, 2007) . It seems as if crop insurance is a possibility that countries will have to consider as an adaption measure to protect farmers and as a result reducing poverty caused by climate change (Linnerooth-Bayer and Mechler 2006). Other developing countries are therefore encouraged to emulate what India is doing to assist farmers to continue to be in business of farming.
Against the backdrop of the above challenges, the international community and the policy makers are enjoined to refocus on sustain food security by incorporating green agriculture as a solution to several of these challenges, including hunger, poverty, unemployment and environmental degradation (Sha Zukang, 2012) .
New climate threats are also emerging on a daily basis. , If no action is taken to combat the surge, it might affect progress in human development achieved over the last decade and slow down or even reverse economic growths MCSER Publishing, Rome-Italy Vol 4 No 14 November 2013 successes recorded by some of the developing countries (Daily and Ellison 2002) .
While it is conceded that managing climate risks is a major challenge of today and for the future, the high dependence of the economies and rural people upon rain fed agriculture, the prevalence of poverty and food insecurity, and limited development of institutional and infrastructural capacities make coping with natural climate variability a perennial challenge (Speranza, 2010) . .In the past several decades, the numbers of extreme weather events in particular sub regions and the numbers of people affected by droughts and floods have grown dramatically (Endfield and Tejedo 2006) . Climate change indeed poses a grave threat, with a range of devastating consequences for humanity, and that restricting emissions now is the best response to that threat (Shearman and Smith 2007) .
Scientific evidence has shown that as climate change becomes a more serious threat to agricultural production worldwide, existing agricultural systems are being questioned (Dimes et al. 2008) . Christian-Smith (2012) has indicated that these systems will face even greater challenges in the future, in terms of both mitigation and adaptation to climate change. As a greenhouse gas emitter and a producer of food for a steadily increasing world population, the agricultural sector is increasingly being recognized as part of both the challenge and the solution. The study conducted by Parrt et al. 2009 for World Food Programme revealed that climate change will act as a multiplier of existing threats to food security, make natural disasters more frequent and intense, land and water more scarce and difficult to access, and increases in productivity even harder to achieve, thereby creating unbearable hunger and poverty. The implications of these are that people who are poor, have lack food insecurity and are malnourished will become more immense and the poor will become chronically poorer (Parry et al. 2009 ).
Therefore, the need for constant assessment of the impact and effects of global climate change on agriculture and food production should be top priority of most of the governments. The developing countries should be more proactive in this regard considering the fact that they are the most vulnerable to global climate change (Patwardhan and Semenov 2007) . The relieving news is that previous studies have shown that investment in agricultural research has high rates of return both in terms of returns and poverty reduction (Diao et al. 2008) . India has invested hugely on climate crop and climate crop insurance. These are now having a huge resilient on the negative impact of climate changes. This model is therefore making food production and food security feasible. The effects are being felt by the poor because a lot of them now have access to food and at the same time, the farmers are more productive leading to increase in profits due mainly to strategic interventions that are now mitigating and adapting to global climate change calamities and catastrophes (Nath and Behera 2011).
Adapting Food Production to Climate Change
The risks and vulnerability of the farmers and agricultural stakeholders will reduce if they take active steps to adapt tactical and strategic planning to these evolving climate risks (Smit and Pilifosova 2003) . In sub-Saharan Africa, a lot needs to be done in view of the huge vulnerability the continent faces (Ellis, 2005) . Already, there is huge magnitude of poverty, food security, environmental and health challenges that are faced in sub-Saharan Africa, adaptation to climate change should not and cannot be divorced from those current development priorities (Brauch, 2011) . Therefore, any development plan to be implemented should take into consideration food security. More importantly, the principles inherent in sustainable development which tacitly supports a holistic development where resources are used for current and future generations should also play a prominent role in food sustainability (Shah and Strong 2000) .
Climate change is likely to make matters worse with increases in rainfall variability being predicted (Mendelsohn and Dinar, 1999) . The ability of agricultural communities and agricultural stakeholders to cope better with the constraints and opportunities of current climate variability must first be enhanced for them to be able to adapt to climate change and the predicted future increase in climate variability .
It is therefore worthy to mention that, inaction will compound the existing problem with regards to the threats of climate change. Interventions in various ways would curtail the threats if not totally curb them. Thus so far, according to Food and Agriculture Organization of the United Nations (FAO, 2008) "Agriculture is a source of climate change but also a solution to climate change if adequate sustainable production measures are adopted that hold substantial mitigation potential, and that contribute to adapt agriculture and food production systems to extreme events, raising temperatures, and increasing CO2 concentration." FAO (2008) indicated that, in order to adapt to climate change, "farmers will need to broaden their crop genetic base and use new cultivars and crop varieties. They will need to adopt sustainable agronomic practices such as shift in sowing/planting dates, use of cover crop, live mulch and efficient management of irrigation and reduce the vulnerability of soil based agricultural production systems through the management of soil fertility, reduced tillage practices and management of the cycle of soil organic carbon more efficiently in grasslands and cropping
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systems."
Tackling threats to food security and preventing hunger and poverty should be a major concern to everybody (Clover, 2003) . It cannot be the problem and concern of government and farmers alone. It should involve the support of everybody and those whose activities are causing global climate change. As part of the adaptation strategy, scientific and indigenous people should be seen to be working together especially in the areas of knowledge sharing and collaboration. After all, positive result that will increase food production and reduce hunger and poverty is the main goal of all the stake and role players (Uvin, 1995) . Pursuant to this, tackling the problem of global climate change causing food insecurity, hunger and poverty, the best modern agricultural science will need to be combined with the best traditional knowledge. And the outcome needs to benefit smallholders, especially farmers in the developing countries farming in the remote rural isolated areas (Inclusive et al. 2010) .
While scientific agricultural practices will, through constant technology innovations come up with the use of new cultivars and crop varieties to increase food production, the idea of adapting to climate impacts is not new to the local indigenous people (Brookfield and Padoch 2010) . Traditionally, coping mechanisms for adapting to seasonal and annual climate variability include sharing local knowledge on varieties, farming systems, management technologies etc. but the need to increase production, coupled with the speed and magnitude of the expected changes in climate, poses new challenges (Bolin, 2001 ).
Even though, over the centuries, indigenous farming communities have learned to adjust to environmental changes and climate variability based on indigenous weather forecast knowledge skills acquired over the years (Mengistu, 2011) , the current speed and intensity of climate change are outpacing their capacity to adapt. Crop failures and livestock deaths are causing economic losses, raising food prices and undermining food security with ever-greater frequency, especially in parts of sub-Saharan Africa (Benson, 1998) . At the same time, demand for food is increasing as populations grow and dietary habits are constantly changing (Belasco and Horowitz 2009) . This is where coherence is most important. Without a coherent agricultural system that includes social safety nets in the short-term as well as investment in agriculture over the longer-term, including the strengthening of markets that reach smallholder farmers, we cannot achieve the goals we have set, and poverty and hunger will continue to be a problem (FAO 2011) .
Agriculture is the main livelihood of the rural poor. A renewed effort should be made towards the importance of assuring resilience and sustainability of smallholders and supporting vibrant rural spaces in the development of nations, especially those where agriculture is the primary livelihood for a significant proportion of the population (Thompson et al. 2007) .
Agriculture remains crucial for pro-poor economic growth in most African countries, as rural areas support 70-80% of the total population more than in any other sector (Von-Braun 2007) . Therefore, investments and improvements in agricultural ventures and performance have the potential to increase rural incomes and purchasing power for large numbers of people to lift them out of chronic and abject poverty (Borlaug 1995) .
Climate Induced Poverty Reduction through Innovative Interventions
It is generally accepted that climate change is a serious risk to poverty reduction and threatens to undo decades of development efforts (Newell and Jenner 2009 ). The UN Millennium Campaign was based on the notion that we cannot fight climate change without considering the rising energy needs of people from developing countries, nor can we effectively address global poverty without accounting for the impacts of climate change on agriculture, disease patterns and severe weather events, all of which particularly impact the poorest countries. They are more vulnerable because of their high dependence on natural resources, and their limited capacity to cope with climate variability and extremes (Adger, 2003) .
Sustained Agriculture for Food Security
Food security is a function of several interacting factors starting from the farmers and includes food production as well as food purchasing power (Harrigan, 2008) . Climate change is now worsening the prevalence of hunger through direct negative effects on production and indirect impacts on purchasing powers (Ziervogel and Ericksen 2010) .
The negative impacts of climate change on food security are now a real concern (Parry et al. 1999) . Addressing these complex challenges, with opportunities to harness new innovations, will require out-of the-box solutions (technology, institutions, policies, and higher investment) (Lybbett and Sumner 2010) . The production losses for sub-MCSER Publishing, Rome-Italy Vol 4 No 14 November 2013 Saharan countries could be substantial as the length of suitable growing period's decreases (Ruttan, 2002) .
Tools and approaches are now available that allow for a better understanding, characterization and mapping of the agricultural implications of climate variability and the development of climate risk management strategies specifically tailored to stakeholders needs (Smit and Wandel, 2006) .
Improve Agricultural Biodiversity to increase Productivity
As part of the solution to the problem, a way out is through agricultural biodiversity and tree biodiversity. Agricultural biodiversity is the variability of crops and their wild relatives, trees, animals, microbes and other species that contribute directly or indirectly, to food production. But climate change is threatening the existence of species as they are now shrinking and decreasing on a daily basis (Javis et al. 2008) .
As part of adaptation strategy, knowledge in agricultural biodiversity can be effective for smallholder farmers who need tools and knowledge to overcome new world challenges, it also has the potential to change lives and sustain our world by diversifying livelihoods, increasing the resilience and sustainability of production systems and by providing access to a diverse and nutritious diet (Verchot et al. 2007) .
Traditional coping mechanisms would not be sufficient to ensure food security and prevent effects on nutritional status but rather they must be complemented by the introduction of technical innovations and enabling frameworks (Eide et al. 1991) . Efforts should therefore be geared towards research and innovation on the breeding of new and adapted varieties as well as the preservation of traditional, locally adaptable varieties that can tolerate climate variability and are suitable for changed climatic conditions (Biringer et al. 2007 ). This is achievable through the development of innovative but practical technologies such as alternative cropping systems, conservation and precision agriculture, and sustainable forest management; and the application and improvement of technologies for more efficient use of inputs such as energy, fertilizer, water, seeds (Sayer and Campbell 2004) . It also suggested that for all technological innovations in agriculture it was crucial that they would be easily accessible and affordable for the communities in need and that adaptation strategies must also be supported by strong institutions and enabling policy and legal frameworks (Batterbury and Warren 2001) .
Anticipation and Preparedness toward Climate Calamities
While it is very important to promptly respond to the climate crises whenever they do manifest, effective management driven by anticipation and preparedness will provide better solution to the problem (Coombs, 2011) . In order to achieve this, the following suggestions have been made, knowledge and understanding of risks and who the victims are; monitoring and evaluation of the risks to ascertain and forecast; taking care of the poor of the poorest and ensure food security and availability to them during disaster, linking all developments plans to climate change mitigation and adaptation, availing people on climate information and issues surrounding disasters to the community and decision makers, adequate provisions of financial resources and human resources for effective risk reduction is very important (Adger, 2006) .
Conclusion
Considering that carbon emissions causing global climate change are not likely to decrease anytime soon, the consequences will always be manifestation of destructive weather event. This has been impacting devastative on agricultural activities of all types. Hunger is on the increase and poverty is being produced on a daily basis. This is a huge concern for policy makers and role players. The time has now come for drastic reduction in emissions so that we can have stable and clean environment. People need food to survive; negative impact of climate change is affecting food security and production. Hence, holistic application of sustainable development which also applies to agriculture should be pursued vigorously in order to have sustainable livelihood.
Recommendations
The time has now come to strengthen implementation of policies and laws on emissions reduction. There is a linkage between food, the environment and climate change. Disaster is now threatening this linkage hence the need to do more and ensure that the vulnerable people are protected. Sincere political will on the part of the leaders is therefore needed to
